In this paper we investigate the relationship between economic growth and industrial pollution emissions in China using data for 112 major cities between 2001 and 2004.
Introduction
In recent years China has experienced rapid export driven economic growth enhanced by large investment flows from abroad. Since 2000, economic growth rates have consistently exceeded 8% (World Bank 2007), while China now receives more FDI than any other developing economy and by 2005 ranked among the world's top 3 recipients with inflows of $72 billion (UNCTAD 2007) . However, these economic gains have come at a cost. Seventeen of the 25 most polluted cities in the world can be found in China and an estimated 300,0000 people die prematurely each year as a result of air pollution.
1 If China is to alleviate its environmental degradation and the health impacts that result from it, particularly in urban areas, a detailed understanding of the economic forces influencing industrial pollution is required.
In this paper we examine the relationship between economic growth, foreign direct investment (FDI) and the environment in China. We make three specific contributions to the growth-environment literature. First, we focus specifically on China given the undeniable strain such a large and rapidly growing economy is placing on the natural environment. Studies investigating these issues in China are relatively scarce. Second, since the majority of industrial emissions are released in urban areas, we concentrate our analysis on Chinese cities and examine the city-level characteristics that influence industrial emissions. We believe the use of city-level variables provides more potential explanatory power than the use of highly aggregated variables reported at the national level. Third, given the vast FDI flows into China in recent years we analyse the contribution of FDI to China's industrial pollution emissions and also take the additional step of identifying FDI by source country.
A large literature has examined the impact of economic growth on the environment using panels of country-level data over time, with mixed results. 2 Early studies such as Shafik (1994) , Seldon and Song (1994) and Grossman and Krueger (1995) claimed to find an inverted-U shaped relationship between income and pollution, since known as an environmental Kuznets curve (EKC). More recent studies have subjected the EKC to 1 Wang (2007) and China Environment Yearbook (2000) . 2 Some studies use site-specific pollution concentrations as the dependent variable instead of national emissions, but still use explanatory variables measured at the country-level (e.g. Grossman and Krueger 1995) .
ever-greater levels of scrutiny and generally urge caution when interpreting EKC results, not least because many have been shown to lack robustness (Harbaugh et al. 2002 , Stern 2001 .
Of the various growth-environment studies, there are few that investigate the role played by FDI, particularly in a developing country context. He (2006) Other studies have investigated the environmental impact of FDI by suggesting that a 'pollution halo' may exist around multinational firms if those firms are less pollution intensive than domestic firms. Studies such as Eskeland and Harrison (2003) and Cole et al. (2008) do indeed find evidence to suggest that multinational firms in developing economies are less pollution intensive than their domestic counterparts, although no such evidence was found for Indonesia by Pargal and Wheeler (1996) . Explanations of why multinationals may be cleaner than domestic firms include the suggestion that they may utilise more advanced technologies, cleaner production methods, and possess more developed environmental management systems (EMS). Also, they may have large export markets in OECD countries where they have to meet the requirements of environmentally aware consumers. Seemingly at odds with the pollution halo concept is the idea that FDI may be attracted to developing economies by less stringent environmental regulations, the so-called pollution haven hypothesis. If true, it may suggest that multinationals are damaging the environment in developing countries, although that still does not preclude them from being cleaner than domestic firms.
However, evidence for the pollution haven hypothesis is limited (Eskeland and Harrison 2003, Cole and emissions. The share of total output produced by firms from other foreign economies can be beneficial, detrimental or neutral, depending on the pollutants considered.
The remainder of the paper is organised as follows. Section two provides background information on Chinese cities, section three provides the model specification and a description of the data. Section five presents the empirical results and section six concludes.
Pollution and Economic Change in Chinese Cities
To illustrate the economic development of Chinese cities, In this paper we concentrate on water and air pollutants. We therefore consider each in turn. Table 2 provides general information about city drinking water quality, groundwater quality and groundwater levels. The proportion of cities reaching the drinking water quality standard of 80% or above has decreased from 83% in 2002 to 70% in 2004, while correspondingly, the proportion in the less than 60% group increased from 2% to 23% illustrating a deterioration in the quality of drinking water. Turning to the level of groundwater, the number of cities that show a drop in the level of groundwater has fallen. However, in more than half of the monitored cities in 2004 groundwater quality worsened. SEPA reported that the groundwater quality was mainly affected by human activities. The major pollutants in the groundwater are nitrates, nitrogen-ammonia, and chloride. Domestic sewage is another major source of water pollution. Acid rain is another serious problem in Chinese cities. 
Data and Methodology
Using Unfortunately, the number and proportion of enterprises varies across cities. We therefore adjust total industrial pollution emissions using the following equation.
where e and gip are respectively the pollution emissions and gross industrial output from the investigated firms; and E and GIP are those for the city. We assume that the emissions per unit of industrial product are the same within each city. high in various kinds of machinery and equipment; foods; metal products; rubber; paper and paper products; beverages; processing of food from agricultural products; medicines;
and raw chemical and chemical products.
Since the pollution intensity of these sectors varies according to pollutant, the environmental effect of Chinese-sourced and non-Chinese sourced firms are likely to differ by pollutant. However, any link found between foreign or HTM capital and a city's emissions may simply reflect the fact that different investors tend to concentrate in sectors of differing emissions intensities e.g. if foreign investors typically invest in industries which are inherently less emissions intensive than the average industry then we would expect to find a negative relationship between emissions and the share of output in a city that is produced by foreign-owned firms. However, this of course does not mean that foreign owned firms are inherently cleaner than Chinese owned firms within the same industry but simply reflects the nature of the industries that foreign owned firms invest in. One way to overcome this problem would be to include variables measuring each industry's share of total output within each city as determinants of the city's emissions. Unfortunately, industry level measures of output have proved to be unattainable at the city level. Instead, we include a measure of the capital-labour ratio within each city as an attempt to proxy the pollution intensity of the composition of industry within the city. Previous studies have found a clear link between an industry's capital intensity and its pollution intensity and it would seem highly likely that such a relationship would also hold within China (Antweiler et al. 2001 and ).
However, we acknowledge that this is an imperfect solution to our problem and hence we accept that our results may be capturing the impact on emissions of the compositional pattern of FDI as much as (or more than) whether foreign firms are cleaner than domestic firms.
We now describe our econometric methodology. Following the previous literature on economic growth and the environment we begin by estimating the following reducedform equation for the emissions of industrial pollutants using random and fixed effects.
where Epc denotes per capita emissions, γ is city-specific intercepts, θ is time-specific intercepts, Y represents per capita income, GIP/GDP refers to the gross industrial product (GIP) normalised by city GDP, K/L is the capital-labour ratio and ε is the error term. Subscripts i and t represent city and year, respectively. Per capita income captures the direct scale and technique effects of economic growth.
The capital-labour ratio is included to capture the direct composition effect of growth given the likely correlation between capital intensity and pollution intensity. Year specific effects are included to pick up any effects that are common to all cities but which change over time; and the city specific effects pick up the effects specific to each city that do not change over time.
In order to separate the activities of foreign affiliates from those of domestic firms, we decompose GIP into three components: industrial output for domestic firms (GIPd), the industrial output for firms from Hong Kong, Taiwan and Macao (GIPh) (i.e. Chinesesourced firms), and the industrial output for the firms funded by foreign countries (GIPf) (i.e. non-Chinese sourced firms). Thus equation (2) Income cubed was also included to allow for a possible cubic relationship as found, for instance, by Grossman and Krueger 1995), but was not found to be statistically significant and was hence omitted.
Given the previous evidence that domestic firms in developing economies may be more pollution intensive than foreign owned firms (Eskeland and Harrison 2003 and Cole et al. 2008 ), we expect a positive sign on GIPd/GDP in Equation 3. However, this effect will be influenced by the pollution intensity of domestically owned industry. The effects of foreign FDI may be positive or negative and, again, may depend on the sectors in which foreign capital has concentrated. The expected coefficient on K/L is positive since labour-intensive sectors are generally considered as cleaner than capital-intensive sectors .
Equations 2 and 3 are estimated in logs and levels. However, Cole et al. (1997) argue that the quadratic log function provides a more realistic income-environment relationship because of the symmetrical nature of the quadratic levels function. The symmetry of quadratic levels function implies, first, that pollution levels will fall at the same rate as they increase and, second, that these pollution levels will become negative, probably in a short space of time. In contrast, a quadratic log function falls away gradually once it passes the turning point, as the curve asymptotically approaches zero.
A possible methodological concern is whether per capita income can be considered to be is exogenous, given the possibility that causality could move from environmental degradation to income. A Davidson-MacKinnon test is employed to test the null of exogeneity of current income with lagged income used as an instrumental variable. The null hypothesis of exogeneity is not rejected suggesting that simultaneity bias is not present. An exception is the logged form of Equation 3 when using industrial soot as the dependent variable. Therefore, the logged Equation 3 for soot is estimated with lagged income as an instrumental variable.
Third, we test for heteroskedasticity and autocorrelation. Breusch-Pagan tests for heteroskedasticity reject the null hypothesis of homoskedasticity in all cases. We also estimate the following dynamic model for the residuals to test for first order autocorrelation.
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Empirical Results
We present our results in Tables 7 to 10 and now consider each in turn. Table 7 Table 9 provides the results for waste gas and sulphur dioxide. For both pollutants only a linear relationship is found to exist with per capita income. The share of industrial output in GDP is found to be a significant determinant of both pollutants, an effect that appears to be driven entirely by domestically owned firms. The share of HTM owned or foreign owned output does not influence emissions. MacKinnon test results, current income should not be considered to be exogenous in Columns 3 and 4 hence we employ a generalised 2-stage least square (G2SLS) randomeffects IV estimation in these two columns. Lagged income is used as the instrumental variable. In all but one estimation (Soot, column 3) no significant relationship is found between income and emissions of soot or dust. The share of industrial output in GDP is found to be a significant determinant of emissions and again this effect appears to be entirely driven by the output from domestically owned firms. The share of HTM owned output has a positive but insignificant coefficient while the share of foreign owned output has a negative but insignificant coefficient. Although an inverted U-shaped relationship is found to exist between income and per capita emissions of two pollutants, the evidence for most pollutants confirms that at current income levels in China, economic development will result in more industrial emissions. We also find that total industrial output has a strong positive effect on Petroleum-like matter refers to various kinds of hydrocarbon compounds. They float on the surface of the water and prevent gas exchange, thus lead to the deterioration of water quality. They can cause the death of fish and aquatic plants and hence affect the life of aquatic birds, and have negative effect on the aquatic products industry.
Industrial waste gas refers to the volume of total emitted gas comprising of pollutants caused through fuel combustion and industrial production processes such as smelting and processing of metals, chemical materials production, and paper production.
Sulphur dioxide (SO 2 ) is generated through fuel combustion, especially the burning of coal and oil; and production processes like smelting of non-ferrous ores. According to the annual reports of SEPA, in recent years 85% of SO 2 comes from fuel combustion, and 15% from industrial processes.
Industrial soot and dust are two kinds of suspended particulate matter. Soot refers to the weight of suspended particulates in the smoke caused from fuel combustion, especially the component of smoke caused by the imcomplete burning of carbon-rich organic fuels; while dust are those from industrial production processes, for example, refractory dust from iron and steel firms, screen dust from coking firms, machine dust, lime kiln dust, and cement dust of constrution materials. 10 These two types of suspended particulates are considered as dangeous owing to both their particulate size and the chemical compounds present. They can stain clothing and can possibly cause illness if inhaled.
They are hazardous to the lungs and general health when the particles are less than 5 micrometres in diameter, as such particles are no filtered out by the upper respiratory tract.
10 The particulates discharged from power stations are included in industrial soot. Note: extreme outliers have been removed for all dependent variables' statistics; the descriptive statistics of the independent variables are those in the sample for SO2 without extreme outliers.
